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ABSTRACT

An analysis of 935 cases of decompression sickness among divers has been
made from case reports on file at the U. 8. Navy Experimental Diving Unit
for the years 1946-1961. The effectiveness of the U. §. Navy Treatment
Tables was determined. The report includes a comprehensive review of the
clinical picture and the treatment of decompression sickness. The results
of the initial use of the U. S. Navy Treatment Tables revealed that of

888 cases treated, 773 were completely relieved with one treatment table.
There was a total of 115 failures (82 recurrences and 33 residuals). Of the
115 failures, 55 were due to acceptable or valid reasons complicating the
treatment, and 60 were due to true failure of the treatment table. The
total percentage true failure of the initial use of the treatment tables

was 6.7%. The final results of the effectiveness of all treatment tables
revealed that of 888 cases treated by one or more treatment tables there
were 843 cases relieved and 45 residuals. Of the latter, only 15 were due to
true failure of the treatment tables. The total percentage true failure
after using one or more treatment tables was 1.7%. The above results

are considered satisfactory. Forty-seven cases of the 935 were not treated
with the U, §. Navy Treatment Tables. Their ocutcome is discussed in the
report,
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SUMMARY

Broblems

To analyze 935 cases of decompression sickness smong divers, and to determine
the effectiveness of the U. S, Navy Treatment Tables for decompression sickness.

Procedues

All decompression sickness reports on file at the Experimental Diving Unit were
analyzed and coded in the Diving Casualty Data Card. The reporting period
included the years 1946-1961.

Eindingss
(1) Two out of every ten divers treated by the U. S. Navy were civilians.

(2) Decompression sickness occurred following dives in which adequate decompres-
sion was used, or for which no decompression was specified in the U, S§.
Navy Decompression Tables.

(3) Tenders during treatment tables have occasionally developed decompression
sickness.

(4) Decompression sickness is a disease of protean manifestations affecting
several organ-systems. A comprehensive analysis of the clinical picture and
treatment is included in the discussion section.

(5) The U. S. Navy Treatment Tables for decompression sickness are adequate.

(6) Chi square and correlational analyses of some of the data revealed the
followings

(6.1) Prompt recompression treatment was usually associated with a better
outcome (X2 = 19.0 p<.0l).

(6.2) In general, cases with a shorter time of onset of symptoms responded
to_treatment less satisfactorily than those with a longer time of onset
(x2 = 8,76 p<.0%).

(6.3) Prompt recompression was related to the depth of relief (C = ,25),
Generally, the sooner recompression was started, the shallower the depth of
relief.,

(6.4) Cases with a shorter time before onset of symptoms generally obtained
relief.;t st a more shallow depth. The relationship, however, was very weak
(C= .1%).

(6.5) A weak relationship (C = .19) between depth of dive and depth of
relief was round. Usually, the shallower the depth of the dive, the shallower
the depth of relief,

114
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andm.m:?

(1) The rouons for tenders acquiring decompression ucknou during or after
a treatment table should be investigated.

(2) A diver should not leave an area where a recompression chamber is avail-
able until 24 hours after completion of the dive.

(3) All cases of decompression sickness should be given a recompression
trial no matter what the elapsed time since the onset.

(4) An investigation of a modification in the shallower depths (less than
30 feet) of the U, S. Navy Treatment Tables 3 and 4 is recommended. The
possibility of shortening the 6 hour stops at 60 feet, 50 feet, and 40
feet of Treatment Table 4 should be investigated.

iv
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1. INTRGDUCTION

1.1 ERackoxound

1.1.1 A complete file of past diving casualty reports is maintained at the
U, S. Navy Experimental Diving Unit, Washington 25, D. C. The earliest
reports accumulated and still available began in 1933. These reports

were submitted in compliance with a Bureau of Construction and Repair
Letter Directive of 1933, later by the Bureau of Medicine and Surgery
directives, and finally by the Manual of the Medical Department (1) and
the U. S. Navy Diving Manual (2). In 1945 the original NavMed 816,
*Report of Decompression Sickness and all Diving Accidents,” from here

on referred to as Navied 816, was formulated and distributed. Its use

was initiated in January 1946. In 19% this form was revised.

1.1.2 There has never been a systematic handling of both past and current
reports. A successful analysis of 113 cases of decompression sickness
among divers was done by Duffner, et al. (3) in 1946. It was accomplished
by means of coding the information from the original reports on marginally
punched cards. In 19%4, H, W, Gillen, then at the Naval Medical Research
Laboratory, Groton, Connecticut initiated an effort toward analysis of
NavMed 816's on file at the Experimental Diving Unit. This study used a
marginally punched card (McBee Keysort); however, due to matters of
greater military importance, the study was never completed (4). 1In 1957,
a number of difficulties were encountered in attempting to set up Gillen's
routine at the Experimental Diving Unit. The system was not pursued due to
the shortcomings it had in view of the changed techniques in diving (%).

1.1.3 In 1959, Van Orden (5) wrote a thesis for qualification as a Submarine
Medical Officer. In this thesis he discussed the problems of diving accident
reporting and analysis., He proposed a system using a newly designed mar-
ginally punched card (McBee Keysort) with complete instructions to use the
analysis system. It was after reading his excellent presentation that the
author was stimulated to pursue this problem. The McBee Keysort data cards
previously proposed by Gillen and Van Orden were revised and a new card,
called the Diving Casualty Data Card (Appendix A), was designed. A new set
of instructions was written for the system of accident report analysis (6).

1.1.4 The author selected decompression sickness as the first diving accident
to be analyzed. An extensive review of the literature revealed that there
were several large series of cases of decompression sickness among caisson
workers, however, series of cases among divers were small. The largest
series found was that by Brick (7). He reported that during 1900-08, not
counting the slighter cases characterized by the men themselves as
*rheumatics,” he had upwards of 200 cases of diver's palsy. Sixty of

the patients were dead before a doctor could be reached. Therefore,

the present series comprises the largest series reported so far of cases of
decompression sickness among divers. Furthermore, it comprises the most
extensive analysis of the results in the use of U, §. Navy Treatment Tables
for decompression sickness.

1.2 Qbjective

The purpose of this report is to make a comprehensive analysis of 93%
cases of decompression sickness among divers and to determine the effective-

¥ Horoaftir referred to as Treatment Tables
1
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ness of the Trestment Table.

2. PROCEDURE

Using the instructions and definitions written by the author (6), Navied
816's on file at the Experimental Diving Unit in which the diagnosis of
decompression sickness was established were analyzed and coded on the
Diving Casualty Data Card. The reporting period included the years 1946-
1961, from which a total of 935 cases were coded. Results obtained after
the cards were coded and sorted are shown in the following sections.

3. RESULTS AND DISCUSSION

3.1 General Considerations

In the analysis of the data only information supplied can be relied
upon. It can never be assumed that factors not mentioned were not
necessarily present in any particular case. It must be emphasized
that the present reporting system made the determination of incidence
impossible since the total number of dives was not available. Because
of the numerous findings, each section of results was incorporated with
its respective discussion.

3.2 Classification of Divers - (Table 1)

The data reveal that 77.2% of the cases were U. S. Navy personnel
and 21.5% were civilian personnel. This shows that 2 out of every 10
divers treated by the U, S. Navy were civilians.

TABLE 1
CLASSIFICATION OF DIVERS

CLASSIFICATION NUMBER OF CASES PERCENT OF TOTAL
U. S. Navy 722 77.2
Civilian - Commercial 149 15.9
Civilian - Sport 31 3.3
Civilian - Foreign National 21 2.3
Other U. S. Military 9 1.0
Foreign National Navy 3 0.3
TOTAL 93% 100.0
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Several suthors (8) (9) (10) have 'stotiiti&t the incidence of decompression
sickness ineresess with age, especially in men over 40 years of sge. Inspection
of the dets shows that most of the cases were within the ages of 26-30 years.
There is & notieaable decrease after 31 years. These findings can be explained
on the besis ¢het the U. §. Navy does not train divetd after 30 years and does
not pemmit any diving after age 40 except under special situations ss stated

in the Manual of the Medical Department (1). 8Since 77.2% of the divers fn

this series are U. 8. Navy divers, it is obvious that they will account for the
high perceiitage of cases between ages 21-30 snd for the noticeable decressse
after age 31,

TABLE 2
AGE GROUPS OF DIVERS

AGE IN YEARS® NUMBER OF CASES PERCENT OF TOTAL
Under 20 26 2.8
21-25 : 210 22.%
26-30 & - - 307 32.8
31-39 , 214 22.9 .
36-40 118 12.6
Over 40 36 3.8
Unknown 24 2.6

TOTAL 93% 100.0

*
Mean age = 28,4 years

3.4 Bodv Byild - (Table 3)

The classification used was based on the observations of the persons who -
completed the Navied 816's. Only 460 reports contained this information.

It 1s unknown to the author whether weight and height tables were considered
in this classification. Several authors (9) (11) (12) nave stated that

the incidence of decompression sickness is higher in subjects who are over
standard weight. In the present series the greatest number of cases {43.7%)
occurred in divers of a medium size body build. Again, this was probably

due to the fact that most of the divers in this series were U. S. Navy divers
and they will fit this description since the Manual of the Medical Department
(1) states that there will be no more than 10X variation of weight from
standard weight and height tables. At the present time there is a pilot
study being conducted at the Experimental Diving Unit in vital statistics
among U. S§. Navy divers who have not had decompression sickness. On
preliminary evaluation it appears that the distribution in the control

group will be similar to the one in this series.
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TABLE 3
BODY BUILD OF DIVERS (Years 19%6-61, inclusive)

BUILD NUMBER OF CASES PERCENT OF TOTAL
Slender 61 13.3
Heavy 105 22.8
Obese ™ 16.3
Unknown 18 3.9
TOTAL 460 100.0

3.5 DRivers Qualifications - (Table 4)

Only military personnel with valid qualifications were included (701 cases).
All civilian and foreign divers plus a few non-qualified military personnel
made a total of 234 cases. The data show that 88% of the qualified divers
were deep sea or salvage divers.

TABLE 4
DIVERS QUALIFICATIONS

QUALIFICATIONS NUMBER OF CASES PERCENT OF TOTAL
Deep Sea or Salvage 616 87.9
Student Diver 51 7.3
Underwater Demolition Team 19 2.7
Explosive Ordnance Disposal Team 14 2.0
Underwater Swimmer - (Scuba) 1 0.1
TOTAL 701 100.0

3.6 Puipose of the Dive - (Table %)

The two most frequent purposes of the dives were work and experimentation.
It is important to note that in 16 cases the purpose of the dive was as a
tender in a treatment table. There is no explanation for this phenomenon
in which the treatment cures the patient but the tender acquires the disease.

3.7 Ivge of Dive - (Table 6)

Most of the dives were in open water. More cases occurred during wet-
chamber dives than during dry-chamber dives. This is probably due to the
fact that more dives are made in wet-chambers than in dry-chambers. An
unpublished study at the Experimental Diving Unit showed that "bends” were
more frequent in dry dives than in wet dives. This study was done with a
300 feet dive for 10 minutes bottom time (13).

4



TABLE 5
PURPOSE OF THE DIVE

PURPOSE NUMBER OF CASES PERCENT OF TOTAL
Work 520 55,6
Experimentation 228 24,4
Training of diver 74 7.9
Recreation 48 5.1
Requalification 3 3.7
Tender on treatment table 16 1.7
Selection of personnel 10 1.1
Others 4 0.5
TOTAL 93% 100.0

TABLE 6
TYPE OF DIVE

TYPE NUMBER OF CASES PERCENT CF TOTAL
Open Water 581 62.1
Chamber-wet 181 19.4
Chamber-dry 162 17.3
Submarine Escape Training Tank 11 1.2
TOTAL 93% 100.0

3.8 Iype of Work - (Table 7)

Most of the cases occurred in dives in which work was moderate or heavy,
}(lu;y work or exercise will increase susceptibility to decompression sickness
14) .

TABLE 7
TYPE OF WORK DURING THE DIVE

TYPE OF WORK NUMBER COF CASES PERCENT OF TOTAL
Moderate 326 34.9
Heavy 272 2.1
None ' 181 19.4
Mild 136 14.%
Unknown 20 2.1

TOTAL 93% 100.0




3.9 Ivpa of Eoulpment - (Table 8)

There were more cases while using the deep sea rig than any other equipment.
This finding was expected since most of the diving during the past 16 years
has employed the deep sea rig. A study done by the author (l.by of the cases
during years 1960-1961 inclusive, revealed that there were more cases of
decompression sickness among SCUBA divers than deep sea divers. This was
probably due to the increased popularity of SCUBA diving during the past
4-5 years.

TABLE 8
TYPE OF EQUIPMENT USED DURING THE DIVE

TYPE OF EQUIPMENT NUMBER OF CASES PERCENT OF TOTAL
Deep Sea - Air : 436 46.6
Recompression chamber 167 17.9
Scuba - open 134 14.3
Lightweight - surface supply 111 11.9
Deep Sea - HeO, 51 5.5
No equipment 9 1.0
Momsen Lung 7 0.7
Scuba - semi-closed 6 0.6
Experimental equipment 4 0.4
Submarine rescue bell 1 0.1
Unknown 9 1.0
TOTAL 93% 100.0

3.10 Breathing Media - (Table 9)

Air was the most frequent breathing media used. Helium-oxygen mixtures
and nitrogen-oxygen mixtures wére used only by U. S. Navy divers.

TABLE 9
BREATHING MEDIA USED DURING THE DIVE

BREATHING MEDIA USED NUMBER OF CASES PERCENT OF TOTAL
Air 838 89.6
HeO2 8% 9.1
_ Other mixture - NJOp 12 1.3
TOTAL 93% 100.0
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3.11 Depth of Dive - (Table 10)

In cases of repetitive dives, the maximum depth attained during the dives
was used as the depth of dive. Most authorities agree that it is impossible
to develop decompression sickness in dives to depths less than 33 feet. It
has been shown that a diver may remain for 24 hours at 33 feet and surface
without decompression sickness (14). However, in the present series there
were 3 cases of decompression sickness which occurred after dives to depths
less than 33 feet. Two of these cases were previously reported by Welham
and Waite (16). The majority of cases (46.0X) in the present series occurred
after dives to depths between 100-165 feet. This is the depth range where
most diving is done. Cases following repetitive dives were more frequent

at depths less than 165 feet.

TABLE 10
DEPTH CF THE DIVE

NUMBER OF CASES
DEPTH GAUGE IN FEET NUMBER OF CASES PERCENT OF TOTAL REPETITIVE DIVES

0 - 33 3 0.3 0
34 - 99 208 22.2 74
100 - 165 430 46.0 76
166 - 231 160 17.1 24
232 - 297 60 6.4 4
298 - 495 68 7.3 0
Unknown é 0.7 2

TOTAL 93% 100.0 180

3.12 PBottom Time - (Table 11)

In cases of repetitive dives, the sum of the bottom time of the dives was
used for a final bottom time. Most of the cases occurred after dives in
which the bottom time was less than 45 minutes (59.2%), or greater than
120 minutes (17.2%). However, 72 out of 161 cases that occurred after
bottom times greater than 120 minutes were repetitive dives. It is
difficult to correlate bottom time with the occurrence of bends unless

it is done in conjunction with the depth of the dive and vice versa.

3,13 Decompression Schedule - (Table 12)

3.13.1 It is unknown to the author how many times these decompression
schedules were used successfully; therefore, the incidence of decompression
sickness cannot be determined. The greatest number of cases was due to
using less than the proper schedule during decompression in accordance

with U. S. Navy Decompression Tables. Most of these cases were civilians.
Sixty-four cases occurred in instances where no decompression was indicated
in the U, S. Navy Decompression Tables. In general, the incidence of



TABLE 11
BOTTOM TIME OF THE DIVE

NUMBER (F CASES

BOTTOM TIME - MINUTES NUMBER OF CASES PERCENTAGE REPETITIVE DIVES
Less than 19 197 21.2 6
16 - 0 208 22,2 24
31 - 45 149 15.9 16
46 - 60 60 6.4 10
61 - 90 84 9.0 33
91 - 120 45 4.8 16
Greater than 120 161 17.2 72
Treatment tables - tenders 16 1.7 0
Unknown 1% 1.6 9
TOTAL 93% 100.0 186

decompression sickness following an adequate decompression schedule or a
no-decompression dive can most easily be explained on the basis that the
U. S. Navy Decompression Tables are not entirely safe. A small incidence
of decompression sickness is expected due to the many variables present
during the dive. Examples of these variables ares physical condition

of the diver, type of work, type of equipment, sea state, breathing media,
and others.

3.13.2 An interesting finding was that eleven tenders acquired decompression
sickness after Treatment Table 4, three after Treatment Table 2, and two
after Treatment Table 3 (air). Although it is unknown how many tenders

were present during the 57 times that Treatment Table 4 was used, eleven

is definitely a high number of bends cases. This phenomenon following
Treatment Table 4 deserves further study.

3.14 Signs and Svmptoms of Decompression Sickness

3.14.1 First, for the purpose of this paper, decompression sickness has
been defined in temms of signs and symptoms. Shilling (17) (18)
classified the symptomatology of decompression sickness as it is related
to the various body systems, namelys (a) the cerebrospinal system, (b)
the cardio-vascular system, (c) the pulmonary system, (d) the urogenital
system, (¢) the structural system (including osseous, connective,
muscular, and fatty tissues), and (f) the dermal system. Because of

the possible multiplicity of symptoms in any one case, it will not be
expected that only one feature of the clinical picture will necessarily
be manifested.

3.14.2 The classification used in this report is a modification of that
used by Shilling. The signs and symptoms in Table 14 were classified
into the following organ systems (Table 13)s (1) central nervous system,
(2) peripheral nervous system, (3) ®bends® (localized skeleto-muscular
pain), (4) skin, and (3) respiratory system.

8



| TABLE 12
DECOMPRESSION SCHEDULE USED DURING THE DIVE

NUMBER OF CASES

DECOMPRESSION SICKMESS PERCENTAGE
Less than proper 268 8.7
Standard Air Table (1952) 220 23.5
Experimental 201 21,5
No decompression required 64 6.9
Exceptional Exposure Table (1959) 53 5.7
Surface decompression - air (1952) 33 3.5
Standard Air Table (1959) 32 3.4
Helium-Oxygen Tables (1959) 24 2.6
HeO2, Surface Decompression Oy (1959) 15 1.6
Treatment Table 4 (tender) 11 1.2
Surface Decompression - Op (19%52) 6 0.6
Surface Decompression - Air (1959) 3 0.3
Treatment Table 2 (tender) 3 0.3
Treatment Table 3 Air (tender) 2 0.2
TOTAL 93% 100.0

*
According to U, §. Navy Decompression Tables, U, §. Navy Diving Manual.

Dates refer to publication year of the manuals.

TABLE 13
PERCENTAGE INCIDENCE OF ORGAN-SYSTEM INVOLVED DURING ILLNESS

PERCENT OF DIVERS EFFECTED

PERCENT OF TUNNEL
WORKERS EFFECTED

ORGAN SYSTEM
Rivera | Behnke | Duffner | Thorne | Levy | Keays
(9) (3) (24) | (23) | (21)
*Bends” (Localized Skeleto- 91.8 72.2 85.8 55.0 91.7 90,3
muscular Pain) '
Central Nervous System 5.8 10.2 34.4 27.5 8.1 7.9
Peripheral Nervous System 21.6 - - - - -
Skin 14.9 13.6 0.9 10.0 - -
Respiratory 2.0 4.0 7.9 7.5 0.1 1.6
TOTAL NUMBER OF CASES 93% 139 113 200 680 3692




(1) Central Nervous Systems This refers to involvement of the brain and spinal
cord., In these cases the clinical picture is usually complicated. Most

cases are referable to pathological processes in the spinal cord. Some of

the more frequent manifestations are motor and sensory disturbances manifested
as parsplegia, monoplegia, paresis, paralysis, spasticity, loss of bladder

and rectal control, muscular weakness, altered reflexes, and paresthesias,
frequently described as numbness or "pins and needles™ sensation. When cerebral
symptoms are encountered they may manifest as convulsive seizures, unconscious-
ness, stupor, collapse, nausea, vomiting, visual disturbances, dizziness, vertigo,
headache, nystagmus, incoherence of speech, aphasia, restlessness, agitation,
confusion, and personality changes. In cases of dizziness or vertigo, sometimes
called the "staggers,” regardless of whether the symptoms are due to laby-
rinthic or central nervous system origin, they are all classified under the
latter system.

(2) Peripheral Nervous Systems This includes involvement of the cranial nerves,
spinal verves, and the visceral or autonomic nervous system. There may be
motor and sensory disturbances manifested as numbness, paresthesia, muscular
weakness, muscular twitching, paralysis, or piresis. Sometimes it is difficult
to determine if the lesion is peripheral or central in origin. Many cases

with severe decompression sickness will have involvement of both central

or peripheral nervous systems. In the cases of cranial nerve and autonomic
nervous system involvement, it is difficult to determine from the information
given in the accident reports exactly what system is involved. An attempt

has been made to classify these symptoms as accurately as possible.

"{3) "Bends® (Localized Skeleto-muscular Pain)s This includes painful involve-
ment of the structural system, including osseous, connective, muscular,
or fatty tissues.

(4) Skins Pruritus or itching is one of the most common symptoms and
frequently it is the first and only symptom to appear. It was not included
in Table 14 because it is a very mild manifestation of decompression sickness
which by itself does not require treatment. The skin manifestations in this
category include rash, lividity, marbling, mottling, blotching, and

erythema. Areas of swelling and subcutaneous emphysema occur in occasional
cases,

(5) Respiratory Systems This includes attacks of dyspnea and a feeling of
oppression in the cheit known as ®chokes.”

3.14.3 The percentage incidence of each organ-system affected were as
followss “"bends,” 91.8%; central nervous system, 25.8%; peripheral nervous
system, 21.6%; skin, 14.9%; and respiratory system, 2.0% of the cases.

“Bends® was not present as a symptom in 8.2% of the cases, The above findings
were compared with cases in tunnel workers (Table 13). In the present

series and in Duffner's series (3), percentages were calculated for each

organ system affected, but in some cases more than one organ system was
effected. The percentages shown, except those in the present series, were
obtained by classifying the symptoms given by the authors into the modified
classification used in this report. The other authors did not differentiate
peripheral nervous systems lesions from central nervous system lesions. Cases
of vertigo or “staggers” were classified into the central nervous system
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group. Comparing the findings on tunnel workers with those on divers, it
can be concluded that decompression sickness in divers was of s more
serious nature than in tunnel workers. “Bends® was also the most common
manifestation of decompression si¢knéss in divers. There was more involve-
ment of the nervous system in divers with decompression sickness than in
tunnel workers.

3.14.4 Frequency of Signs and Symptoms - (Table 14)

(1) The 12 most frequent signs or symptoms were as followss localized
pain (91.8%), numbness or paresthesia (21.2%), muscular weakness (20.6¥),
skin rash (14.9%), dizziness or vertigo (8.5%), nausea or vomiting (7.9%),
visual disturbances (6.8%), paralysis (6.1%¥), headache (3.9%)
unconsciousness (2.7%), urinary disturbances (2.3X), dyspnea ('chokos')
(2.0%). The signs and symptoms were also classified into the frequency
of appearance as the first manifestation. In 79.6% of the cases, "bends”
appeared as the first symptom. Other initial signs or symptoms during the
illness were, in order of frequencys skin rash, 4.4%; numbness of
paresthesis, 4.3%; dizziness or vertigo, 2.5%; visual disturbances, 1.4%;
muscular weakness, 0.8%; nausea or vomiting, 0.8%; unconsciousness, 0.6X;
headaches, 0.5%; ®chokes,” 0.4%; paralysis, 0.2%; and fatigue, 0.2%.

3.14.5 Location of Pain ("bends®) - (Table 15)

(1) In the present series it was found that the upper extremities were
affected in 53.8% of the cases. The shoulder and elbow were the most
frequent sites of pain, in a ratio of 2 to 1. The lower extremities

were affected in 27.1% of the cases. The knee and hip were the most
frequent sites of pain in a ratio of 3 to 1. Behnke (9) and Duffner (3)
found similar results among two series of decompression sickness in

divers. Among the 113 cases reported by Duffner, 17 had symptoms following
a prolonged “saturation dives,” and the lower extremities were affected
twice as often as the upper extremities.

(2) The location of pain has been analyzed by several authors (Table 15).
An interesting finding was that in tunnel workers the lower extremities
were affected more frequently than the upper extremities. Bornstein (11)
explained this finding by stating that due to poor circulation .of the

lower extremities, the elimination of nitrogen during decompression

will be retarded. Behnke (9) gives a similar explanation and also

stated that the exercised part of the body may be more susceptible to
"bends.” Van Der Aue (14) showed that exercise will increase the incidence
of "bends.” Harvey (19) showed that muscular exercise starts the formation
of gas nuclei, which on decompression may grow to considerable size
producing "bends.” Knisely (20), while studying "bends” in low pressure
chambers, showed that a decreased rate of blood flow through an extremity
either initiated the pain, or, if the pain were already present, it made

it worse. The decreased blood flow was obtained by having the subjects
hold the arms or legs in the vertical position while at altitude. It

was interesting that in the subject who were given aminophyllin, which
presumably dilates small vessels, elevation of the amm or leg usually

did not bring on the pain. ’

11



. TABLE 14
FREQUENCY OF SIGNS AND SYMPTOMS PRESENT IN 935 CASES OF DECOMPRESSION SICKNESS

NUMBER OF = PERCENTAGE CF NUMBER CF PERCENTAGE CF
+INSTANCES INSTANCES INSTANCES WITHIN INSTANCES

WITHIN WITHIN 935 WHERE WITHIN
SIGN OR SYMPTOM 935 CASES 935 CASES MANIFESTED INITIALLY 935 CASES
Localized Pain 858 91.8 744 79.6
Numbness or Paresthesia 199 21.2 41 4.3
Muscular Weakness 193 20.6 8 0.8
Skin Rash 140 14.9 42 4.4
Dizziness or Vertigo 80 8.% 24 2.9
Nausea or Vomiting 74 7.9 8 0.8
Visual Disturbances 64 6.8 14 1.4
Paralysis - 57 6.1 2 0.2
Headache 37 3.9 ) 0.9
Unconsciousness 26 2.7 6 0.6
Urinary Disturbances 24 2.5 0 -
Dyspnea (®chokes®) 19 2.0 4 0.4
Personality Changes 1% 1.6 0 -
Agitation or Restlessness 13 1.3 0 -
Fatigue 12 1.2 2 0.2
Muscular Twitching 12 1.2 0 -
Convulsions 11 1.1 0 -
Incoordination 9 0.9 0 -
Equilibrium Disturbances 7 0.7 0 -
Localized Edema ] 0.9 0 e
Intestinal Disturbance 4 0.4 0 -
Auditory Disturbance 3 0.3 0 -
Cranial Nerve Invoivement 2 0.2 o -
Aphasia 2 0.2 0 -
Hemoptysis 2 0.2 0 -
Emphysema=-subcutaneous 1 0.1 0 -

(3) If we assume that divers perform most of their work with the upper extremities,
and that tunnel workers perform as much work with the lower extremities as with
the upper extremities, and that tunnel workers spend longer hours working in

a standing position, one might be able to explain the discrepancy in the most
frequent site of localized pain on poor circulation of the lower extremities.

If the hypothesis of poor circulation of the lower extremities is true, it may

be that the tight deep sea diving dress around the lower extremities acts as

an elastic support of the legs and improves circulation, thus diminishing the
incidence of "bends” in the lower extremities in divers.

(4) To determine if this hypothesis were tenable, cases were grouped on the
basis of equipment used during the dive and the location of "bends" was
tabulated. There was no significant difference in the distribution of pain
among wet dives when the diver was using deep sea gear, SCUBA gear, shallow
water gear or no equipment. It was found in these groups that the upper
extremities were affected 2.3 times more frequently than the lower extremities.

12
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However, in the cases of dry dives in pressure chambers, the frequency of
*bends® in the upper and lower extremities were the same. Therefore, it
sppears that the important factor determining whether "bends® will occur
more frequently in the upper or lower extremities is whether a dive is
wet or dry. Apparently, the small difference in pressure between the
upper and lower extremities while the diver stands in the water improves
vascular tone and circulation of the lower extremities and is enough to
influence the location of "bends.”

(5) The exercise of work performed by the extremity is probably not the
determining factor since in saturation dives while at rest, the lower
extremities were affected more frequently than the upper extremities.
Behnke (9) stated that apparently the duration of the compression period
influences the location of “bends.”

(6) The above discussion has been speculation by the author. A true
explanation is not evident from the literature nor the available data.

3.14,6 Onset of Signs or Synptt\ms in Decompression Sickness - (Table 16)

(1) The onset of signs or symptoms after the completion of a dive varies
widely in decompression sickness. However, the greatest number of cases
had a relatively rapid onset. The data showed 9.1% of the cases developed
signs or symptoms during the decompression period or ascent. At the end
of the first hour, 54.7% of the cases had already shown manifestations

of the illness; by the end of the second hour, 66.8%; the end of the

sixth hour, 86.2%; and by the end of the twelveth hour, 92.8%. A delay

of as long as 13-24 hours was seen in 2.3 of the cases, and 0.3% developed
24 hours after completion of the dive, No cases developed after a delay
of 36 hours.

(2) In Duffner's (3) series among divers, 43.9% of the cases manifested
symptoms within the first two hours and 71.3% within the first six hours;
however, 3.9% had a delay of as long as 13-24 hours before the appearance
of symptoms. Keays (21) reported that among 3692 cases of decompression
sickness in tunnel workers, about 50% occurred within 30 minutes, 83%
within 1 hour, 95% within 3 hours, and 1% delayed over 6 hours. Eardman
(22) reported that in 1419 cases of tunnel workers with decompression
sickness, 43X of the cases occurred within 30 minutes and 75% within an
hour after decompression. Levy (23) reported 436 cases of deccmpression
sickness in tunnel workers among which 65.2% of the cases developed within
the first hour and 81.9% within the second hour. Among 300 cases in tunnel
workers, Thorne (24) reported that 60% manifested symptoms within the first
hour and 95% within the second hour.

(3) Summarizing all series, 97-98% of all cases usually occurred within
12 hours after completion of decompression. In tunnel workers, the
disease manifests itself sooner than in divers. It is rare to see
cases 1n tunnel workers appearing 12 hours after decompression or in
divers, after 24 hours.

(4) The above results show the importance of retaining compressed air
workers and divers near a recompression chamber after completion of
-decompression until the greatest danger of appearance of symptoms has
passed. It appears that 24 hours is the safest period to wait before
a diver leaves an area where a recompression chamber is available.

14



TABLE 16
INCIDENCE OF TIME OF ONSET OF SIGNS AND SYMPTOMS IN DECOMPRESSION SICKNESS

TIME OF ONSET NUMBER OF CASES PERCENT OF TOTAL
—
During decompression 85 9.1
First hour 426 45,6
1 -~ 2 hours 113 12.1
3 - 6 hours 182 19.%
7 = 12 hours 62 6.6
13 - 24 hours 22 2.3
25 - 36 hours 3 0.3
Unknown 42 4.%
TOTAL 93% 100.0

3.15 Ireatment of Decompression Sickness
3.19.1 Background

(1) Recompression has long been accepted as the only effective method of
treating decompression sickness. Pol and Watelle (25) in 1854 recognized
clearly the nature of the disease in caisson workers, and established the
specific treatment of the disease. By returning patients to compressed
air they afforded relief of symptoms. In 1897 Zuntz (26) suggested the
use of oxygen in conjunction with recompression to hasten elimination of
the nitrogen, but, because of the known toxicity of oxygen at high
concentrations, its use was not widely accepted. However, Von Schrotter
(27), in 1906, again suggested the use of oxygen to hasten nitrogen elim-
ination. In 1907, Boinet (28) recommended its use in the treatment of
"divers disease.” In 1925, Sayers et al. (29) suggested the use of helium-
oxygen mixtures in the treatment of decompression sickness.

(2) 1In 1937, Behnke and Shaw (30) elucidated some of the basic principles
underlying recompression as a therapeutic procedure and outlined a method
of utilizing oxygen. With a combination of recompression and the use

of oxygen, Yarbrough and Behnke (31) reported the successful treatment

of 49 out of 50 divers with decompression sickness which occurred after
exposure in high pressure helium-oxygen atmospheres. However, through

the years, opinion as to the amount of pressure to be used and the time to
be spent at various levels in the subsequent decompression has been quite
diverse. In general, there are four methods of treatment which are as
followss (a) use of pressure of the original dive, (b) use of pressure
greater than the original dive, (c) use of barely sufficient pressure to
z¢lieve symptoms, (d) use of pressure greater than required for relief

of symptoms. The Treatment Tables are based on the last method. Clinical
and experimental observations have shown that this is the best approach
(3) (30) (31) (32) (33).
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(3) In order to provide U, 8. Navy personnel in the field with a simplified
method of treatment for decompression sickness when the services of a
medical officer might not be available, a procedure was formulated and
published in the Buresu of Medicine and Surgery Newsletter, May 1944 (34),
Reports from the field, and experience at the Experimental Diving Unit
showed that the use of these treatment tables proved to be inadequate for
the treatment of decompression sickness following dives during which
compressed air was breathed. The recurrence rate was as high as 30%.

The inadequacy of these treatment procedures were verified by the experimental
results of Van Der Aue,et al (32). One of the treatment tables referred

to as the “long oxygen table™ was the one used successfully by Yarbrough
and Behnke (31) in treating 49 out of 50 cases of decompression sickness,
but these cases followed a dive in which helium-oxygen was the breathing
medium,

(4) In order to formulate adequate and comprehensive tables for the treatment
of decompression sickness and air embolism, a series of tests were performed
in 1945 at the Naval Medical Research Institute and the Experimental Diving
Unit. The following features were incorporated into the final treatment
procedures after tests of ten individual treatment tables (32). The
features were developed from principles formulated by Behnke and Shaw (30),
Behnke (33), and Yarbrough and Behnke (31), and are as followss (a) the
limitation of meximal pressure applied during recompression to 75 pounds
per square inch gauge® (165 feet sea water equivalent) and the maintenance
of this pressure for periods of at least 30 minutes or for as long as two
hours, (b) prolonged recompression for periods of 12-34 hours, or longer,

at pressure levels equivalent to depths betweer 30-60 feet, and (c) the
inhalation of oxygen at pressure levels equivalent to 60 feet or less.

(5) Consequently, the Treatment Tables (Table 17) (32) were formulated

and promulgated to the Naval Service in 1945, There are 4 treatment
tables, 2 for cases with symptoms of pain only, dependent upon the

depth of relief, and 2 tables for serious cases, dependent upon the time
such symptoms are relieved. The breathing media may include air or oxygen
depending on the treatment table used. A mixture of helium (80¥) and
oxygen (20%) may be substituted for air at any time during their use except
to replace oxygen breathing.

(6) In conjunction with the treatment of 113 cases of decompression sickness
among Navy divers, the rationale of the above principles and their incor-
poration into treatment tables were analyzed and discussed in 1946 by
Duffner, et al (3).

(7) Of the 113 divers treated with the new treatment tables, four suffered
a recurrence of symptoms and required subsequent recompression. Of the

four recurrences, three occurred following the employment of Treatment
Table 1 and can be attributed to insufficient recompression. These
patients' symptoms were relieved at 70 and 78 feet respectively, yet

they were only recompressed to 100 feet instead of 165 feet, as recommended.
The other treatment failure following the employment of Treatment Table 1

»*
Referred to as psi
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TABLE 17
. Treatment of Decompression 8ickness and Air Embolism. (2) (32)

F—-—.W—q*—
8tops Bends~Pain only 8erious SBymptoms
Rate of de- | Pain relieved at depths | Pain relieved at depthas |Serious ms include any one
acont—35 | leas than 66 ft. Pibe [Paln rolleren & of the following: v
ft. per min. Use table 1-A if O, 18 |Use table 3~A 11 O, is 1. Unconsciousneas.
Rate of as- not available. not available. 3. Convulsions.
cent—1 It pain does not improve 3. Weakness or inability to use
pinwte | within 30 min. at 165 1] , 47ms o legs.
the case is ly : sm
stops. L 8. Any visual disturbances.
“‘*&fd‘a' awx'm” 8. Dizsziness.
on table 4 or 4-A. 7. Loss of speech or hearing.
8. S8evere shortness of bre or .
chokes.
9. Bends occurring while still
under pressure.
8 ms re- ms not re-
YTeved within | Jieaod withn 30
30 minutes at | minutes at 168
1685 ft. ft.
Use table 3 Use table 4
Pounds| Feet | Table 1 | Table 1-A] Table 2 | Table 2-A Table 3 Table ¢
73.4 168 30 (alr) 30 (air) 30 (alr) 30 to 120 (air)
63.3 140 }-- 12 (air) 12 (air) 12 (alr) 30 (air)
53.4 120 12 (mir) 12 (air) 12 (air) 30 (atr)
44.5 100 30 (air) 30 (air) 13 (air) 12 (air) 12 (air) 30 (air)
35.6 80 12 (alr) 12 (air) 12 (air) 12 (air) 12 (alr) 30 (air)
26.7 60 30 (02) 30 (alr) 30 (02) 30 (air) |30 (Oz) or (air) 6 hrs. (air)
233 30 30 (02) 30 (mir) 30 (02) 30 (air) |30 (02) or (air) 6 bra. (air)
17.8 40 30 (02) 30 (air) 30 (02) 30 (air) {30 (02) or (air) 8 hrs. (air)
First 11 hra.
134 | 30 60 (air) | 60(0,) |2 brs. (air)| 12brs. (i) | “Then 1 he. (63'{’
or (alr)
Firat 1 hr. éalr;
8.9 20 60 (air) 2 hrs. (air) | 2 hra. (air) Then 1 hr. 02
5(0,) or (air)
§(0y) First 1 hr. i.u;
4.5 10 2 bra. (alr) 4 bra. (air) | 3 hrs. (alr) Then 1 hr. 02
or (afr)
Surface 1 1 min. (air) ) 1min. (air) | 1min. (air) 1 min. (02)

Time at all stcps in minutes unleas otherwise indicated.
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cannot be explained, The recurrence following the procedure in Treatment
Table 2 can be attributed to a faulty oxygen breathing apparatus which
permitted a significant dilution of the oxygen with air. The residual
following Treatment Table 4 was of a temporary nature and was followed

by complete recovery. The residual was in a diver who reported
paresthesia and weakness in his hand 21} hours after onset. He had

a residual anesthesia of the palm. The residual following Treatment
Table 2-A was not explained, but apparently it was temporary since it

was considered as a complete recovery.

(8) In summary, there was only one true recurrence of Treatment Table 1,
and two temporary residuals following Treatment Table 2-A and Treatment
Table 4, respectively. All cases eventually recovered completely.

(9) Although the number of patients treated with the new treatment tables
were too small to draw definite conclusions, it was apparent that these
procedures showed promise of being the best devised to date. However,
since Duffner's (3? report in 1946, no evaluation of the Treatment Tables
has been made,

3.15.2 Results of Treatment

(1) Although this report includes 935 cases of decompression sickness, only
888 cases were treated according to standard procedures set in the Treatment
Tables. Therefore, the author will analyze only the results on the use of
the Treatment Tables. The outcome of the other 47 cases was as followss

43 were treated with non-standard procedures or deviations from the Treat-
ment Tables and of this group 35 were completely relieved after one or

more pressure treatments, 6 had permanent residuals, and 2 were fatal cases.
The latter were very severe cases of decompression sickness that received
inadequate initial pressure treatment. The remaining group of four cases
received no pressure treatment. Of this group, three were completely
relieved, and one died of massive decompression sickness,

(2) In the present analysis of 888 cases, the results are quite different
from the Duffner (3) analysis. However, in the latter analysis all

cases were among U, S, Navy divers and almost all of them were treated
promptly. In the present analysis there are several categories of divers,
as shown in Table 1, and several cases were not treated promptly.

(3) The results of the use of the treatment tables are shown in Table 18.
An explanation of the headings on this table will be made for the purpose
of clarification. The first column,labeled "Initial Treatment Table
Used,” refers to the Treatment Tables as proposed by Van Der Aue, et al
(32) 1n 1945 and as used in the current U. S. Navy Diving Manual (2).

The second column, labeled "Total Cases Treated,” inclucss only cases
that were treated exactly as outlined in the treatment tables with no
deviations from standard procedures. The table is then divided into three
parts. The first part, labeled Part A "Results of First Treatment,"
refers only to the results after the use of the jnitial treatment table.
The second part, labeled Part B “Results after Further Treatment,” shows
the results after two or more treatment tables. It does not reflect on
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the effectiveness of any treatment table since the second treatment table used
was usually different and longer than the initial one. Also, some cases
required more than two treatment tables. Detalls of the use of further pressure
treatment is discussed in the section on "Analysis of 'Recurrences' and
‘Residuasls' that Received More Than One Treatment Table.* It was for
continuity purposes of the initial treatment table used, that the figures

on the second and third part of Table 18 were kept in the same lineal order

as in the first part. Part C of this table labeled "Final Results,” shows

the overall results of one or more treatment tables.

(4) The criteria used to classify the results of treatment will be

defined. Cases classified as "relieved”™ refer to case completely relieved
of all signs and symptoms, “Recurred® refers to cases which suffexred

a recurrence of signs or symptoms during or after the treatment table.
"Residual™ refers to cases that had definite residual manifestations upon
completion of the treatment table. The criteria used on the latter group

is definitely too strict. An attempt was made originally to classify

as "residuals®™ only those cases which showed permanent residual manifestations
24 hours after completion of the treatment table. However, the follow-up
data was not available in all cases; therefore, the classification refers

to the immediate condition upon completion of the treatment table. Even

if a case had shown a remarkable improvement during the treatment, as in cases
of severe central nervous systemmanifestations that had a remarkable
recovery, except for some localized neurological manifestations, they were
considered "residuals.” It must be pointed out that in many cases which
terminated as a "residual,” a follow-up letter usually indicated that

after adequate physical therapy there had been significant improvement of
neurologic manifestations, and the cases were considered as cured. 1In

many cases of localized pain or "bends® the case was relieved of pain but
upon completion of the treatment there were complaints of "soreness,”
%aches,” or "discomfort” in the area where the pain was previously localized.
These complaints were not considered as residual manifestations.

(%) The cases classified as "True Failures” refer to those "residuals” or
*recurrences” in which there were no acceptable or valid reasons
complicating the effectiveness of the proper use of the treatment tables.
Failure in these cases was considered a true failure of the treatment
tables, The acceptable or valid reasons that were responsible for failure
of the treatment tables were, in order of frequencys (a) inadequate
initial pressure treatment in accordance with standard procedures set

in the treatment tables, either in recompression chambers or in the open
water (67%); (b) delay in treatment of over 24 hours after onset of

signs or symptoms (20%); (c) aggravation of the illness during an aircraft
flight to the site of the recompression chamber (7%); and (d) alcoholic
intoxication prior to, or following the dive (%%) .

(6) The effectiveness of the treatment tables as a therapeutic measure
is shown in Table 18. The percentage true failure of the initial use of
the treatment tables was as followss

Table l.cececeesees®.5%  Table 3 (02)....7.2% Table 4 (Air)....15.1%
Table 1{A).oeecer..6.5%  Table 3 (Air)...6.5% Table 4 (02).....25.0%
Table 2.ceccccessosb.08 - Table 4 (HeO2)...25.0%
Table 2(A) cecvcnceod.1%
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(7) In summary, Part A in Table 18 shows that of 888 cases treated, 773
were completely relieved with one treatment table. There was a total

of 115 failures (82 recurrences and 33 residuals). Of the 115 failures,
55 were due to acceptable or valid reasons complicating the treatment,
and €0 were due to true failure of the treatment tables. The total
pe;;entago true failure of the initial use of the treatment tables was
6.7k,

(8) Part B, Table 18 shows that of a total of 115 failures, only 86
cases were re-treated by one or more treatment tables, and usually by
a different and longer treatment table. There were 70 cases relieved
and 16 cases terminated as residuals. Of the latter, only 7 cases
were due to true failure of the treatment tables,

(9) Part C, Table 18, shows the final results of the effectiveness of
all the treatment tables and does not reflect the effectiveness of any
specific treatment table, since in the cases that received further
pressure treatment no mention is made of the treatment table used, or
the number of treatment tables required to produce relief. Of 888
cases treated by one or more treatment tables, there were 843 cases
relieved and 45 residuals. Of the latter, only 15 were due to true
failure of the treatment tables. The total percentage true failure
after using one or more treatment tables was 1.7%. In Duffner's

(3) report, the total percentage true failure of oneor more treatment
tables was zero,

3.15.3 Interpretation of Results of Treatment

(1) The percentage true failure of the initial use of Treatment

Tables 1, 1-A, 2, and 2~A is considered satisfactory. These are the
tables used for simple cases of "bends™ (pain only). It should be
noted that all these cases recovered completely after further
pressure treatment., During the construction of the third tube of the
Lincoln Tunnel by the New York Port Authority during 19%5-1956,
Kooperstein and Schuman (3%) reported 44 cases of mild decompression
sickness. Thirty-one of these cases were treated by recompression

and it was never found necessary to use any table other than Treatment
Tables 1 or 1-A. Only 2 patients (6.4%) required hospitalization for
further observation. There was no evidence of any permanent disability
resulting from exposure to compressed air at the time,

(2) During the construction of the Tyne Tunnel in 1948-1950, Paton

and Walder (10) reported 350 cases of decompression sickness., Only

3 cases had serious neurologic manifestations and 247 had "bends"

or pain only. The procedure for treatment of "bends™ cases was

as follows: compress to working pressure plus 3 psi for 10-20 minutes,
decompress rapidly to pressure laid down in decompression table and
then slowly as laid down in tables for exposure of more than 4 hours

to the working pressure (usually 90-100 minutes). For the serious
cases a longer procedure was used also based on recompressing to

the working pressure. In ordinary "bends® these methods proved effective,
but 25% of the cases required more than one recompression, and 10% more
than two recompression for relief of symptoms. Comparing these results
with those in Table 18, it appears that the Treatment Tables for "pain
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only® cases are more effective than the previously described treatment
procedure. The only advantage of the latter procedure is the economy of
time.

(3) The most recent series of cases of decompression sickness known to the
author is the one during the construction of the Dartford Tunnel in
1957-19%9. Campbell-Golding, et al. (36) reported 685 cases of decompression
sickness. The cases were divided into two types: Type 1, or simple “"bends"
which accounted for 650 cases of the total, and Type 2, more serious and more
complicated, of which there were 35 cases. The majority of the 630 cases
classified as Type 1, or simple "bends" were treated by recompressing to

2-3 psi above the working pressure, and after being free of symptoms for

10 minutes were decompressed in the usual way as though for an exposure

of more than 4 hours. If the patient was not free of symptoms after 1

hour at 3 psi above working pressure, a higher pressure was used. The
pressure at which fast decompression ceased and the slow phase commenced,
was, in every case, based on the highest pressure to which the man had been
exposed in the previous 24 hours. The slow phase of the decompression was

9 minutes/psi. With this decompression time, however, 33 of the cases
required two or more recompressions. For all cases after the first 50,

the slow phase of decompression was therefore lengthened from 9 minutes/

psi to 15 minutes/psi; even so 10% of the cases required further
recompression. In all cases the patient was considered to be free from

the pain of "bends®™ at the end of the treatment. The above results do

not show any definite advantage, except for economy of time, over the
Treatment Tables.

(4) A group of 56 of the 650 "bends® cases were treated by a different
method. The pressure was raised only to the pressure required to make
the patient symptom-free. After 10 minutes at the pressure, routine
decompression was carried out. The average "minimum effective pressure”
required was 8 psi below the working pressure., The results were very
satisfactory, for only one case required a second recompression for
complete recovery., Thus, they concluded that the best approach for
treatment is to keep the therapeutic pressure as low as possible, so as
to minimize any contribution which absorption of nitrogen during the
recompression itself may make to recurrence of the lesion. The need
for subsequent recompression was least when compression to the "minimum
effective pressure® was used.

(5) The above series have been discussed to illustrate different approaches
to the treatment of decompression sickness and compare them with the
approach used in the Treatment Tables. Although there might be slight
differences in the criteria used to classify the results, some apparent
conclusions can be drawn. It appears that "bends® among tunnel workers
are of a milder nature than "bends® among divers, and that relief of pain
among the former occurs at lesser pressures than among the latter. One
must remember that tunnel workers are not usually exposed to the high
pressure under which divers routinely work. While the above treatment
procedures were satisfactory for treating tunnel workers, the suthor
doubts that they would be satisfactory for treating a group of divers

ag considered in the present series.
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(6) Correlation of the depth of the dive with the depth of relief (Table 23)
showed a slight positive correlation. That 1s, the shallower the depth of
the dive the shallower the depth of relief. However, inspection of the
data on Table 23 failed to show that the depth of exposure was usually the
same as the depth of relief. Therefore, there is no justification to base
treatment on the depth of exposure or depths greater than the exposure.

(7) It is the impression of the author that for mild cases of decompression
sickness in tunnel workers, the treatment based on exposure to pressure

or relief of symptoms is as effective as the one used in the Treatment
Tables, i.e. using pressure greater than that needed for relief of
symptoms.

3.15.4 Treatment of Serious Cases

(1) The results of treatment in serious cases (Table 18) showed that the
percentage true failure of the initial use of Treatment Table 3 (02) was
7.2, and Treatment Table 3 (Air) was 6.%%. These percentages are con-
sidered satisfactory. The percentage true failure for the initial use

of Treatment Tables 4 was as followss Table 4 (Air), 15.1%; Table 4 (0p),
25.0%; Table 4 (HeO2), 25.0%. Inspection of Table 18, Part C shows that
there was little or no change in these percentages after further pressure
treatment. One might be tempted to draw conclusions that results of
Treatment Tables were poor. This is not so, since the cases that were
treated initially with Treatment Tables 4 were severe cases of decompres-
sion sickness. Furthermore, some of the severe cases were not treated

promptly.

(2) One cannot expect that the application of pressure will relieve all
symptoms, since for cases in which tissue edema or hemorrhage has already
occurred, increased pressure will have no effect on relieving either

one. Increased pressure will reduce symptoms by diminishing the size

of bubbles and increasing the oxygen saturation of tissues, but will

have no direct effect on tissue edema or hemorrhage. Also, one must
remember the criteria used in this series to classify cases as “cured.”

(3) The author reviewed every case and in most of them there was a
remarkable recovery after several days or weeks, especially those cases
that received prompt physical therapy. Unfortunately, the data is

not available on all cases to draw definite conclusions. Undoubtedly,
the final outcome was much better than that shown in the figures on
Table 18.

(4) In the Dartford Tunnel series, Campbell-Golding, et al. (36) reported
35 serious and complicated cases of decompression sickness. The last
16 cases in this group received a prolonged course of treatment which
was as followss the "minimum effective pressure® required to relieve
signs and symptoms was maintained for one-half hour after all signs
and symptoms had disappeared. The patient was then decompressed to

12 psi at the rate of 15 minutes/psi and "soaked® (i.e. maintained) at
12 psi for 4 hours. Decompression was then continued at the rate of

1 psi every one-half hour, "soaking® for 1} hours at 8 psi, 1 hour

at 4 psi, and 1 hour at 2 psi. This method took 15-20 hours. No
additional recompressions were necessary after its use.
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(9) Comparing this method with Treatment Table 3, one finds that time-wise
they are similar since the latter takes sbout 19 hours. The 12 hour "soak"
in Treatment Table 3 is probably comparable to the 4 hour “soak® at 12 psi
(about 27 feet) used in the British method. It is interesting to note the
difference between the U. 8. Navy and the British method of decompression
after the “soaking” period. In Treatment Table 3 and 4 after the 12 hour
“soak" ot 30 feet there are two more stops. One is at 20 feet and the other
at 10 feet, each of 2 hours duration, with 1 minute between stops for a
total decompression time of about 4 hours. In the British method the

total time of decompression after the 4 hour "soak" at 12 psi (about 27
feet) is about 9% hours. It takes 2 hours to go from the 12 psi (about

27 feet) “soak" or stop to the next stop at 8 psi (about 18 feet) which
lasts 1§ hours. Then it takes 2 hours to go to the next stop at 4 psi
(about 9 feet) which lasts 1 hour, then 1 hour to go to the next stop at

2 psi (about 4} feet) which lasts for 1 hour, and finally it takes 1 hour
to reach the surface.

(6) Although the number of cases treated by the British method was small,
the results were very satisfactory. Whether this method would be
successful in treating divers that are exposed to much greater pressures
than the maximum working pressure at the Dartford Tunnel (28 psi or about
63 feet) is unknown to the author. Certainly, it will be interesting to
investigate a modification in the shallower depths (less than 30 feet) of
Treatment Tables 3 and 4. The modification should include more stops

and more decompression time at the shallow depths. Another interesting
investigation will be to shorten the 6 hour stops at 60 feet, 50 feet,
and 40 feet in Treatment Table 4 and the time be used for decompression at
shallower depths, as in the British method.

3.16 Analvsis of "Recurrences” and "Residuals® That Received More Than
One Ireatment Table

3.16.1 The purpose of this section is to show in detail the treatment
used after failure of the initial treatment table; also, to show the
maximum number of times that a treatment table was required to produce
complete relief. In order to avoid too much detail, no explanation is
given as to the depth and time the failures occurred, or when further
pressure treatment was started,

3.16.2 There were 22 cases in which failure of Treatment Table 1 occurred.
All 22 cases recovered completely after a second treatment table. Re-
treatment was as followss Treatment Table 2, one case; Treatment Table

3 (02), two cases; Treatment Table 3 (Air),-fourteen cases; Treatment
Table 4 (Air), two cases; Treatment Table 4 (02), two cases; Treatment
Table 4 (modified and extended), one case,

3.16.3 There were twelve cases in which failure of Treatment Table 1-A
occurred. Eight cases were completely relieved after a second treat-
ment. These cases were re-treated as followss Treatment Table 2

one case; Treatment Table 3 (Air), four cases; Treatment Table 4 (Alr),
three cases. The other four cases had a different outcome and they were
re-treated as followss one case on Treatment Table 4 (Air); this case
suffered a recurrence and was given & third treatment on a modified

and extended Treatment Table 4 with complete recovery. Another case

was re-treated on Treatment Table 4 ( 3 this case suffered a recurrence.
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A thizd treatment was given on Treatment Table 4 (02 with complete recovery.
Two cases were re-treated on Treatment Table 4 (He02), and both suffered
3 residual after completion of the treatment.

3.16.4 After the initial use of Treatment Table 2 there were 17 failures,
Sixteen were completely relieved after a second treatment table which was
as followss Treatment Table 2, 1 case; Treatment Table 3 (02), four cases;
Treatment Table 3 (Air), eleven cases. The other case was re-treated

on Treatment Table 3 (Air) and suffered a recurrence. This case was given
a third treatment using Treatment Table 4 (O7) and recovered completely.

3.16.5 There were six cases in which failure of Treatment Table 2-A occurred.
All six were completely relieved with a second treatment table which was

as followst Treatment Table 3 (Air), three cases and Treatment Table 4

(Air), 3 cases.

3.16,6 There were five cases in which failure of Treatment Table 3 (02)
occurred, Two were completely relieved after a second treatment table
which was as follows: Treatment Table 2, one case and Treatment Table

3 (Air), one case. The other three received a second treatment on Table 4
(02) and terminated with a residual condition.

3.16.7 There were fourteen cases in which failure of Treatment Table 3
(Air) occurred. Eight were completely relieved after a second treatment
which was as followss Treatment Table 4 (Air), five cases; Treatment
Table 4 (02), two cases; Treatment Table 4 (Modified), one case. The
next five terminated in a residual condition after a second treatment
which was as followss Treatment Table 4 (Air), two cases; Treatment
Table 4 (02), two cases; Treatment Table 3 (Air), one case. The

other case received a second treatment on Table 4 (Air) which was
followed by a recurrence. This case received a third treatment on
Table 4 (Air), also followed by a recurrence. A fourth treatment

was given on Table 4 (HeO,) which terminated in a complete recovery.

3.16.8 There were five cases in which failure of Treatment Table 4 (Air)
occurred., Two were completely relieved after a second treatment which
was as followss Treatment Table 2-A, one case; Treatment Table 3 (Air),
1 case. The other three received a second treatment and all terminated
with a residual condition. The second treatment was as followss
Treatment Table 4 (Air), one case; Treatment Table 4 (O5), one case;

and Treatment Table 4 (HeO2), one case.

3.16.9 There was one case in which fajilure of Treatment Table 4 (09)
occurred. This case received a second treatment on Table 4 (HeO2) and
terminated with a residual condition. .

3.16.10 There were three cases in which fallure of Treatment Table 4
(HeO2) occurred, One was relieved after a second treatment with

Table 4 (HeOy). The other two received a second treatment terminating
with a residual condition. The second treatment was as followsas Treatment
Table 4 (Air), one case; and Treatment Table 4 (HeO,), one case.
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3.16.11 In summary, of 888 cases treated initially with the Treatment
Tables, 773 were completely relieved with the first trestment table. There
were 115 failures (82 recurrences and 33 residuals). Only 78 of these
failures received a sacond treatment table with the following results:

64 relieved, 17 residuals, and 4 recurrences. A third treatment table was
given to the four recurrences, terminating in complete recovery for three
cases, and a recurrence for one case. The case that recurred was finally
relieved after receiving a fourth treatment table.

E 3.17.1 Since other investigators have indicated that varying the time
. between treatment and the initial onset of symptom can affect the final
outcome of treatment, this relationship was analyzed. The results are
presented in Table 19.

| TABLE 19
E RELATIONSHIP BETWEEN DELAY OF TREATMENT AFTER THE TIME OF
ONSET OF SIGNS AND SYMPTOMS AND RESULTS OF TREATMENT

PART-A PART-B

RESULTS OF FIRST TREATMENT RESULTS APTER FURTHER

g:lfynx gzz:: % Total | Total %
Relieved{ Recurred] Residual] Relieved || Relieved Residual] Relieved
Under 1% min.} 175 160 14 1 91.4 171 4 97.7
15 - 30 min. 89 8% 4 0 95.% 88 1 98.8
31 - 60 min. 116 104 11 1 89.6 114 3 98.2
61 - 120 min.] 136 122 12 2 89.7 134 2 98.2
3 - 6 hours 172 147 18 7 85.5 164 8 95.9
7 - 12 91 70 14 7 76.9 79 12 86.8
12 - 24 70 60 4 6 85.7 64 6 91.4
25 - 36 21 16 4 1 76.2 19 2 90.4
49 - 96 7 4 0 3 57.2 4 3 %7.1
97 - 144 2 0 0 2 0.0 0 2 0.0
Unknown 3 3 0 0 100.0 3 (] 100.0
TOTAL 888
2

x2 = 19.0, df = 3,p < .01, N for X° = 885

3.17.2 Keays (21) and his associates were convinced that the benefits resulting
from recompression were definitely dependent upon prompt treatment, and have
presented information which gives evidence for this belief. Keay's cases followed
exposures of 42 psi maximum., During the years 1935-1939 at the Experimental
Diving Unit (31), in 2295 dives where the pressures varied from 44 to 200 psi,
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there occurred 94 cases of decompression sickness. Of these cases, 91 were

treated within 2 hours after the appearance of the first symptom, 97.7% were
relieved by one or more recompressions, partial relief was obtained by 1.1%

and no relief in 1.1% of the cases.

3.17.3 Since there were only three cases receiving treatment two to four
hours after onset, no comparative evidence of early treatment benefit was
presented. The high incidence of cures and the absence of persistent lesions
from nervous tissue injury, however, reflects favorably on early treatment.
The most noteworthy fact in the EDU series of cases was the small number of
cases presenting nervous system symptoms in which only partial relief was
obtained. Therefore, the contention of Langlois (37) is here borne out

in that early recompression may do much to avoid persistent symptoms due

to irrepairable damage to some nervous tissues,

3.17.4 Paton and Walder (10) found that with ordinary cases of "bends”

the later the recompression after onset of symptoms the more effective

(in the sense of not requiring to be repeated) it became. They give as

an explanation for this that an attack of "bends®” is in any case self-
limiting, and that even without treatment it would usually pass off in

24-28 hours. However, they realized that with serious cases of decompression
sickness; especially those involving the spinal cord, the sooner the
recompression takes place, the less damage will be, and that prompt ter-
mination of any attack of "bends™ will avoid late sequels of "bends.”

3.17.5 To determine if the delay in treatment after the initial onset of
symptoms bore some relationship to the outcome of the treatment, the

data appearing in Table 19 were submitted to a chi square test. The

4] cases where the delay in treatment was unknown were, of course, dropped
from the analysis, leaving a remainder of 847 cases.

3.17.6 The test was accomplished by combining the 847 cases into four
groups according to the delay in treatment after the onset of symptoms,
such as under 15 minutes; 15-30 minutes, etc, The four groups were then
compared statistically to determine if they differed significantly in

the number of cases who responded well to the first compression treatment,
The criterion of a good response to treatment was based on the number of
cases who were relieved, Those cases which had a recurrence or a residual
were considered not relieved.

3.17.7 A chi square value of 19.00 (p<.01) was obtained from this analysis,
demonstrating that the four groups did differ in their response to treat-
ment. Therefore, it can be tondluded thit a delay in-treatment after the
onset of symptoms is related to the outcome or treatment. The chi square
test does not indicate the direction of the difference. This was deter-
mined by inspection, which indicates that, in general, the longer the
delay in treatment, the poorer the outcome of the case. The results of
the under 15 minutes group are incongruent with the general finding; this
group should have responded better than the others. The specious in-
rongruity might be explained by the fact that the very severe cases
usually exhibit symptoms soon after surfacing and immediate treatment
is typically attempted, The poorer outcome of this group having a delay
of less than 15 minutes is probably, then, due to the inclusion of the
more severe cases,
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3.17.8 .The author does not wish to imply that because of the evident
advantage of early treatment, cases which have existed for some time

should not be recompressed.

Rather, it is to be emphasized that all

cases should be given a recompression trial no matter what the elapsed

time since the onset.
was as much as four days.

Recovery was noted in cases in which the delay

There are recorded cases of recovery b

recompression performed several days after the onset of symptoml.z38).

3.18.1 To ascertain the relationship between time of onset of symptoms

and the outcome of treatment, a chi square analysis of the data

Table 20,

Part A) under conditions similar to the previously discussed section was

performed.

In this instance, four groups were formed according to the

time when the initial onset of symptoms was noted after the dive, and then

the number of cases which were completely relieved for the four groups

were compared.

A significant chi square value of 8.7% (p<.05) was
obtained indicating that the outcome of treatment is related to the time
of onset of symptoms.

TABLE 20

RELATIUNSHIP BETWEEN TIME OF ONSET OF SIGNS AND SYMPTOMS
AND RESULTS OF TREATMENT

PART-A PART-B
RESULT OF FIRST TREATMENT RESULTS AFTER
TIME OF TOTAL —~ FURTHER TREATMENT
ONSET CASES! . [‘* otal Total otal
Relieved| Recurred| Residual{Relieved||] Relieved|Residual| Relieved
During dec.] 70 58 6 6 82.9 61 9 87.2
First hour | 408 340 44 24 83.3 376 32 92.1
1 - 2 hourg 108 100 ‘8 0 93.6 108 0 100.0
3-6 ﬂ 175 160 14 1 91.% 174 1 99.4
7-12 61 54 6 1 88.% 59 2 96.7
13 - 24 22 21 (o} 1 95.4 21 1 9%.4
25 - 36 3 3 0 0 100.0 3 0 100.0
Unknown 4] 37 4 0 90.2 40 1 97.6
TOTAL 888

x2 = 8.76, df = 3,p<.05,

N for X2 = 847

3.18.2 The direction of the difference for delays in symptom onset seems to

be opposite to that found for delay of treatment.

of symptoms resulted in a better outcome.
symptoms appear earlier in more severe cases, and therefore, the poor prognosis
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of early symptom manifestation can be attributed to severity, If this
explanation is valid, it would further substantiate the explanation given
for the less satisfactory outcome of treatment for cases treated in less
than 15 minutes as discussed in the last section. Although prompt
treatment is generally beneficial, persons exhibiting very early symptoms
are usually the more severe cases. Therefors, expeditious treatment does
not appear to be as effective for early symptoms as it does in thosscases
which manifest symptoms later. The strength of the relationship between
the delay of treatment and the result of treatment is probably weakened

.by the factor of severity.

3.18.3 In the analysis of Table 19 and 20, an index of severity, indic-
ating whether a case was simple or serious, would have allowed for more
conclusive statements. Unfortunately, this information was not available.
Paton and Walder (10) analyzed simple cases of "bends® and the ease with
which {t could be relieved. They found a significant correlation between
ease of relief of the "bends™ and the time of onset, the "bends™ being
more easily relieved the later they occurred.

3.19 R R -

3.19.1 To indicate how closely the depth of relief is influenced by the
delay of treatment after the onset of symptoms, a coefficient of contin-
gency was determined for Table 21, Cases that were relieved at 165 feet
were not included because relief at 165 feet will vary from time of
arrival at the depth up to 2 hours. Therefore, the variable of time,

in addition to depth, has some bearing on the occurrence of relief at the
depth of 165 feet. The relationship between the delay of treatment and
depth of relief was slightly positive (C = .25, N = 246); that is,

the shorter delays tend to require shallower depths for relief.

3.19.2 Paton and Walder (10) found that the pressure at which relief
from a simple "bends” was obtained during recompression bore no relation
to the delay before recompression.

3.20.1 Depth of relief was only slightly positively correlated with the
time of onset of symptoms (C = .15, N = 615). A shorter time before
onset of symptoms generally requires a shallower depth of relief, but
exceptions are frequent,

3.20.2 These results at first appear incongruent with the results obtained
from Table 20 where these cases developing symptoms early had a poorer
outcome. However, inspection of the data indicated similar results in
both tables. Within the group reporting symptoms during recompression,
nearly half were taken to deeper depths. This tends to confirm the
previous discussion of Table 20, that an immediate onset is more
detrimental to treatment due to serious cases. The rest of the table

is in better agreement with the obtained C value. That is, a longer
period before onset of symptoms requires a deeper depth of relief,
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TABLE 21

RELATIONSHIP BETWEEN DELAY OF TREATMENT AND DEPTH OF RELIEF

NUMBER OF CASES IN WHICH DEPTH OF
COMPLETE RELIEF WASs (FEET)

oeley Partial|No Relief 1
0-33| 34-66]67-99|100-132{133-164] 165| Relief 165 Unk] Total
Under 15 min. %8 | 62 17 11 0 23 4 0 0] 17%
15 - 30 31} 31 8 6 1 12 0 (o} 0 89
31 - 60 22| 46 11 6 5 23 3 0 0] 116
60 - 120 24 | 54 14 16 ) 20 2 1 0] 136
3 - 6 hours 0 | 54 7 25 7 321 13 3 11 172
7-12 6| 22 7 7 3 29 12 4 1 91
13 - 24 4 | 22 4 3 3 22 8 3 1 70
25 - 36 2 3 0 2 0 8 4 1 1 21
37 - 48 1 0 0 2 0 2 0 1 0 6
49 - 96 0 2 1 0 1 0 1 2 0 7
97 - 144 0 0 0 0 0 0 1 1 0 2
Unknown 1 0 0 0 0 1 0 0 1 3
TOTAL 179 [296 69 78 25 172 48 16 5 | 888

C=.2%

3.20.3 Paton and Walder (10) found that the pressure at which relief from
simple "bends® was obtained during recompression bore no relation to time
of onset of signs and symptoms. '

TABLE 22

RELATIONSHIP BETWEEN TIME OF ONSET OF SIGNS AND I
SYMPTOMS AND DEPTH OF RELIEF

NUMBER OF CASES IN WHICH DEPTH OF COMPLETE RELIEF WAS: (FEET)
gls"gf‘: Partial |No.Relie:
0-33| 34-6§ 67-99] 100-132} 133-164] 165] Relief 165 165 Unknown] Total

During dec.| 11 21 6 9 0 12 9 2 0 70
First hour | 93 | 122 | 29 28 9 89 27 9 2 408
1 -2 0 40 7 9 4 1% 1 1 1l 108
3-6 27 66 19 21 7 31 3 1 0 175
7 - 12 8 22 4 3 3 14 3 3 1 61
13 - 24 4 6 2 3 1 4 2 0 0 22
25 - 36 0 1 0 0 0 1 1 0 0 3
Unknown 6 18 2 5 1 6 2 0 1 4]

TOTAL {179 | 296 69 78 2 172 48 16 % 888

C=,1%
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3.21 Relationship between Depth of Dive and Depth of Relief - (Table 23)
Depth of relief was also positively correlated with the depth of the dive

(C= .15, N = 643),

shallower the depth of relief.

very low,

the relationships are negligible.
stronger than indicated.
factor,

That is, the shallower the depth of the dive the

The correlation, however, was again
The C values obtained from Tables 21, 22, and 23 are 8o low that

However, the relationships may be
The severity of cases is again, an uncontrolled
Some control of severity, and if it were possible, the inclusion

of cases relieved at 165 feet might have strengthened the relationships.

TABLE 23
RELATIONSHIP BETWEEN DEPTH OF DIVE AND DEPTH OF RELIEF

NUMBER OF CASES IN WHICH DEPTH OF

COMPLETE RELIEF WASs (FEET)
gngn‘fE Partial |No Relief
0-33|34-66{67-99|100-132{133- 164 165 Re11ef 165] 165  [Unknown| Total

0 - 33 1] 2] -] - - |- - - - 3
3a-99 | a3| 82| 19| 19 6 | a3 7 3 2 |22
100 -165| 771129 0| 37 | 100 |71 = 11 - 13%
106 -231 38| ]| 8] 12 4 |28 10 1 3 |149
232-297l 12| 2| 3 2 3 9 a - > | 'sa
208 -495 sl 15| 8 7 2 |19 2 1 - 62
Unk-other; - 2 1 1 - 2 - - - -6

ToraL |179] 206 | 69| 78 | 5 |172] 48 16 5 |sss

C : .15

4.1 Status of Cases

The data showed that 2 out of every 10 divers with decompression sickness
treated by the U. S. Navy were civilians.

4.2 Cases Occurring After Proper Pecomeression

4.2.1

4, CONCLUSIONS

A small incidence of decompression sickness occurred following dives
in which adequate decompression was used or no decompression was required
in accordance with the U, S, Navy Decompression Tables.

4,2.2 Healthy subjects acting as tenders during treatment tables occasion-
ally developed decompression sickness.
during Treatment Table 4,
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4.3 Manifestation of Decompression Sickness

Decompression sickness is a disease of protesn manifestations usually affecting
one or more of the following organ-systems, in order of frequencys localized
pain in skeletal-muscular system, central nervous system, peripheral nervous
system, ¢kin, and respiratory system., Localized pain is the most frequent
manifestation among divers, as well as tunnel workers. In divers, the

location of pain was more frequent in the upper extremities than in the

lower extremities, the opposite of the findings from studies of tunnel workers.
The incidence of central nervous system involvement was higher in divers than
tunnel workers.

4.4 Time of Onset of Svmptoms

The time of onset of symptoms in decompression sickness varies widely; however,
the greatest number of cases had a relatively rapid onset. It was very rare
for a case to develop 24 hours after completion of a dive.

4.5 Efficacy of Treatment Tables

The results of treatment by utilizing the Treatment Tables were satisfactory.
The treatment of mild cases of decompression sickness in tunnel workers by
exposing the patient to the pressure of relief of symptoms was as effective
as the one used in the Treatment Tables, where a pressure greater than that
needed for relief of symptoms is used. The latter approach was the most
effective for the treatment of serious cases.

4.6 Relationship Between Pelav in Treatment and OQutcome of Ireatment

A delay in giving pressure treatment for deco!prcssion sickness after the
onset of symptoms is significantly related (X< = 19,00 p<.01) to the
outcome of treatment. Generally, the sooner the recompression begins the
better the outcome of the treatment. Prognosis is poor when the delay of
treatment is over 36 hours after the appearance of symptoms, but recovery
has been noted when the delay was as much as four days.

Tre

The results of pressure treatment for decompression sickness were significant- .
ly related (X2 = 8,76, p<.05) to the time of onset of symptoms. Generally,
cases having a shorter time of onset respond less satisfactorily than those
exhibiting symptoms after a relatively longer time,

4.8 Relationship Between Delavy of Ireatment and Depth of Relief

The relationship between the delay of recompression after the onset of
symptoms of decompression sickness and the depth of relief was slightly
positive (C = .25). That is, the shorter delays require a shallower depth
of recompression for relief more often than deeper depths.
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4.9 Relationship Between onset of Sveptoms and Deoth of Relief

The depth of relief during pressure treatment of decompression sickness
was slightly and positively correlated with the time of onset of symptoms
(C = .19) That is, a shorter time before onset of symptoms generally
requires a shallower depth of relief. The relationship, however,K is
essentially negligible.

4.10 Relationship Between Depth of Dive and Depth of Relief

The depth of relief was also positively correlated with the depth of the
dive to a minor degree (C = .1%). That is, the shallower the depth of
the dive, the shallower the depth of relief.

5. RECOMMENDATIONS
5.1 Investigation oflncidence of Decompression Sickness in Tenders

The reason for tenders acquiring decompression sickness during or after
a treatment table should be investigated.

5.2 Safety Period Before Release of Djivers

It is recommended that after completion of a dive, 24 hours is the safest
period to weit for the appearance of symptoms before a divers leaves an
area where a recompression chamber is available.

5.3 Attempts to Ireat Delaved Cases

All cases of decompression sickness should be given a recompression trial
no matter what the elapsed time since the onset. Some cases were relieved
when the delay of pressure treatment was as much as four days.

5.4 Investication of Modifications of Treatment Tables

It will be interesting to investigate a modification in the shallower
depths (less than 30 feet) of the U. S. Navy Treatment Tables 3 and 4,
The modification should include more stops and more decompression time
at these shallow depths. Another interesting investigation in Treatment
Table 4 will be to shorten the 6 hour stops at 60 feet, 50 feet and

40 feet and the time be used for decompression at shallower depths as
used in the British method by Campbell-Golding, et al (36).
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